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Abstract 
A literature search of the topics new technologies, innovation, conservation, restoration and heritage, will reveal an abundance of 
articles and publications on these subjects: some cover discussions on the progress that has resulted from implementing one or 
more technological components into cultural heritage professional and research practices, whilst others simply offer descriptions 
of new devices, how they operate, and their potential applications. Few, if any, explore what happens when formal academic 
training is completed and job hunting begins, when essentially the infrastructure and support offered by the university or 
institution is no longer readily available for research purposes. If professionals need to make use of the university’s services and 
expertise after having graduated, they will incur significant costs.  
 
Logically, many try to avoid these costs, but then find themselves lacking the expertise required for the project to run smoothly 
from the get go, or shelving studies entirely because they cannot secure sufficient funding to pay for this expertise or other 
associated resources. In order to address this issue and help university graduates in the field of cultural heritage conservation and 
restoration overcome such challenges once they graduate, a detailed study was performed aimed at establishing how to introduce 
students to ICT and LKT (Learning and Knowledge Technologies) content and training that specifically relate to the needs of 
practicing professionals in this field, and thus increase their autonomy upon graduation. As such, the study covers two elements: 
firstly, the direct and real applications of hardware and software available to the professional conservator-restorer in the field of 
cultural heritage conservation and restoration, and secondly, their role in the training of future professionals in this field. 
 
With regards to the first element - the practical applications of current hardware and software - we first had to compile a 
comprehensive list that detailed: available physical devices; compatible software and applications together with their 
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descriptions; and the field applications of said devices. We then had to produce technical reports that detail the correct use and 
implementation of said devices. These reports were produced having first performed the necessary data collection and testing.  
 
With regards to the second element - the training of students – we attempted to address the demand for multidisciplinary work in 
the field of cultural heritage conservation and restoration. More often than not, higher educational degrees of this type do not 
offer students training regarding multidisciplinary collaboration, nor how to maximize its potential through the use of appropriate 
methodologies. As such, this study explores how different content could be taught using pre-existing subjects belonging to 
different degree programmes. Students also receive training in the use of new technologies, and experience innovative teaching 
techniques as a result of the inclusion of these state-of-the-art tools in the classroom. Teaching and learning is optimized via the 
use of virtual tools, collaborative online/offline tasks, as well as problem-based learning strategies (PBL). During the training 
period, the collaborative work that is required of the students and the problem-based learning tasks they perform are very much 
aimed at addressing the demand for multidisciplinary work in this field. 
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1. Introduction 
Over the last decade outstanding advances have been witnessed in relation to GPS and ICT systems and they have 
been growing at an exponential rate. Until fairly recently, whenever we needed to obtain data relating to the assets of 
cultural heritage under investigation our ‘mobile’ or ‘portable’ resources included a GPS system or physical 
handheld map, a laptop computer, different measurement tools (one for each type of measurement that had to be 
noted down), a photographic camera or video camera, and possibly additional lighting. However nowadays, 
technological companies are going to great lengths to develop multi-purpose products that meet the demands of both 
professional users and the standard user. Their goal is to make people’s lives easier and to make the tools they need 
more affordable. The result is that portable diagnostic tools are now indeed much more affordable, compact, and 
portable. 
In fact, the use of smartphones and apps is so widespread that our generation assumes “training in ICTA or LKTB” 
as a given, and also assumes that they will be an almost innate part of the knowledge of future generations. For the 
next generation, this type of technology will likely form part of everyone’s day-to-day life, and they will need little 
basic training as it will come as naturally to them as turning on a microwave is to us nowadays.  
Also until fairly recently, professional I.T or Programming experts were needed to help us understand how to get 
the most out of these new fangled devices. Nowadays, we have new technology consultants who are specialised in 
different disciplines and yet we have specialists in said matters working in multidisciplinary teams, thus enriching 
the improvements of a service that is increasingly necessary.  
In the last ten years, this branch of study, which is still being mistakenly placed under the label of Humanities, 
has demonstrated that collaboration and multidisciplinary work is a fundamental part of correct professional 
practice1. Amongst the various multidisciplinary professionals we can find chemists, physicists, biologists and a 
range of other specialists who show us that the conservator-restorer has to be perfectly qualified in order to 
undertake and tackle the studies and tasks of handling assets of cultural heritage in accordance with the historic and 
scientific requisites pertaining to the goods in question. 
 
A literature search of the topics new technologies, innovation, conservation, restoration and heritage will reveal 
an abundance of articles and publications on these subjects: some2 cover discussions on the progress that has 
resulted from implementing one or more technological components into cultural heritage professional and research 
practices, whilst others3 simply offer descriptions of new devices, how they operate, and their potential applications 
in terms of protecting cultural patrimony. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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Few, if any, explore what happens when formal academic training is completed and job hunting begins, when 
essentially the infrastructure and support offered by the university or institution is no longer readily available for 
research purposes. If professionals need to make use of the university’s services and expertise after having 
graduated, they will incur significant costs. Such circumstances make it impossible to perform the preliminary 
assessments of the artefact, establish the project’s restoration requirements and likewise, the total budget required. It 
seems impossible to take on any type of task if we are unable to determine the materials needed, existing alterations, 
and other firm data, and in addition there are inadequate funds available for this phase of the project. Unfortunately, 
these types of obstacles give rise to rough estimates of needs, costs and timeframes that result in poorly managed 
projects with continuously shifting budgets. This fact is detrimental both to the service provider and to the client.  
 
Nomenclature 
A ICT: Information and Communication Technologies 
B  LKT: Learning and Knowledge Technologies  
 
2. Objectives 
Having circumvented these restraints as best as possible, we decided it was necessary to perform a detailed study 
that establishes two elements: firstly, the direct and real applications of hardware and software available to the 
professional conservator-restorer in the field of cultural heritage conservation and restoration; and secondly, their 
role in the training of future professionals in this field.   
As such, one of our objectives has been to identify a list of technological recourses that are within easy reach of 
any professional in this field or any teacher, encourage the use of these new technologies and thus broaden the tools 
available to the conservator-restorer for the purposes of drafting reports or performing preliminary studies into 
cultural heritage goods. 
Another objective of this study, if not the main objective, is to introduce ICT and LKT content and training into 
the methodologies used in current higher education degree programs that focus on cultural heritage conservation and 
restoration so that it is no longer an unchecked item on teaching staff’s ‘to do’ list.  
Starting with the needs identified from professional practice, this study also includes suggestions for a series of 
basic content that comes from modules belonging to other degree programs. These suggestions do not require any 
alterations to curricula programming, all that is needed is adequate training for teaching staff that covers the content 
and methodologies that will enable them to incorporate and teach the use of these types of tools into their course 
correctly. 
 
3. Methodology 
A comprehensive list detailing available physical devices, compatible software and applications together with 
their descriptions, and the field applications of said devices was compiled. We then had to produce technical reports 
that detail the correct use and implementation of said devices. These reports were produced having first performed 
the necessary testing of the devices and apps and subsequent data collection. These were then compared against 
traditional measurement tools and instruments - the term traditional refers to those tool and instruments that have 
been tried, tested and officially recognised by the prestigious scientific community as having passed strict QA 
testing and fit for purpose - or against the most up-to-date manufacturer testing results or professional testing, once 
again in compliance with strict QA testing criteria. 
 
Table 1 below shows the format chosen for recording information about each resource used in the study: a record 
sheet that provides details including the app name, the developer’s name, a brief description of the product, its 
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functions. Perhaps most importantly, the record sheets include details of the advantages and disadvantages that were 
revealed during the study. 
Table 1. Example of a typical record sheet 
Name  
Developer  
Description  
Functions  
More information  
Examples of use  
Advantages  
Disadvantages  
Price  
 
3.1. Record sheet developed for testing applications 
Name Altimeter (Runtastic) iOS  https://itunes.apple.com/es/app/runtastic-altimeter-pro/id518999473?mt=8 Android https://play.google.com/store/apps/details?id=com.runtastic.android.altimeter 
Developer Runtastic 
Description Altimeter with online altitude. Turns your smartphone into an altimeter with powerful additional functions, e.g. compass, weather reports, exact GPS positioning, sunrise and sunset information. 
Functions 
- Exact altitude measurements connected to an online service 
- Photo feature with built-in altitude readings and sharing options 
- Does not require Internet connection 
- Readings in feet or metres 
- Sunrise and Sunset times 
- Compass 
- GPS coordinates 
- Temperature and wind speed 
More 
information 
GPS justification: Since the release of the iPhone 4S, Apple has added GLONASS compatibility and support services, 
which makes GPS positioning results faster and more accurate. In addition, it includes a triangulation system called A-
GPS (Assisted Global Positioning System) that was developed to improve the performance of the system and the speed 
at which it is capable of establishing positioning. 
A-GPS was created to assist the needs to the US emergency services that felt it necessary to be able to locate a mobile 
phone using GPS technology in the event the mobile was used to make an emergency call.  Conventional GPS, 
however, encountered difficulties when it came to providing precise positions when the mobile signal was low, such as 
when the user is surrounded by buildings or somewhere where there is no direct line of sight with space and orbiting 
satellites. This has been improved, and new GPS receivers are better are receiving low signals than previous models 
thanks to increased sensitivity. The workings of the assisted system is very simple; when the GPS is activated on the 
mobile we firstly obtain an approximate position of where we are by connecting to the mobile network, which is 
obtained from what is called the “Helpdesk Server”. This server will inform the mobile phone of your approximate 
position by identifying the mobile phone central station being used to connect to the network. Once the approximate 
position is identified, the A-GPS can determine which satellites are overhead and combine that information with the 
information from the mobile to establish exact position. Depending on our position (provided by the telephone network) 
the GPS will have the data from one or more satellites and will be able to hone in on our position via data provided by 
the conventional GPS receiver, as such the overall positioning system is faster and more precise.  
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Examples of use 
This application was used in an initial study into an assessment of the state of 
conservation of the Santa Iglesia Cathedral altarpieces in La Laguna. It allowed us 
to obtain data on the orientation of the aforementioned, the exterior temperatures, 
the height, and the real time GPS coordinates. The results proved very useful for 
the on-going monitoring of the location over the course of one year. 
 
 
 
 
 
Fig. 1. Altimeter (Runtastic) iOS App. 
 
Advantages 
Altitude precision thanks to the height correction offered in the Pro version of the app. As the GPS readings may vary 
with respect to actual position, the  height correction reduces the margin of error via online services, thus offering a 
more precise reading. 
Disadvantages The free version (lite) comes with adverts and limited functions, i.e. height correction or watermark elimination in photos. 
Price Free and pay-for versions: iOS price 1.99€ ; Android price 1.99€ 
 
Name 
Toolbox iOS 
 https://itunes.apple.com/es/app/toolbox-lite/id556880789?mt=8 
Android version: Tool Box (Free) https://play.google.com/store/apps/details?id=maxcom.toolbox.free 
Developer iOS: Jacob Caraballo Android: Maxcom 
Description Toolbox turns your phone into a magnifying glass, a spirit level, a compass, a torch,… 
Functions 
(Common) 
- Magnifying glass  
- Spirit Level  
- Compass  
- Torch 
More information Each varies slightly according to the operating system. The Android version includes other tools not used in this field of study. 
Examples of use 
Fig. 2. Example tools available on app. 
Advantages The spirit level and the torch functions, keeping in mind those smartphones or tablets that have LED flash built into the back of the device. 
Disadvantages The magnifying glass function does not capture the device’s full camera resolution, as such images are of a poor quality and not suitable for use. However, it can be used to explore remote or inaccessible areas. 
Price Free and pay-for versions: iOS price 0.99€ ; Android price 0.71€. 
 
Name Hygro: https://itunes.apple.com/es/app/hygrometer-check-your-humidity/id515673004?mt=8 
Developer KYU TAE PARK © 2012 morethan apps. 
Description Thermometer, Hygrometer and Barometer 
Functions Thermometer: Shows exterior temperatures using GPS system.  
Includes thermal sensation display: “feels like xxºF”. Settings can be changed to show Fahrenheit or Celsius. 
Hygrometro: Displays exterior humidity via GPS positioning.  
Barometer: Displays surrounding air pressure with changing trend and a Temperature Humidity Index (THI) 
(combination of temperature and humidity that is a measure of the degree of discomfort experienced by an individual) 
More 
information 
http://apps.morethan.net/thermometer/ 
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Examples of use 
 Fig. 3. Example Screen app. 
Advantages It gathers data in real time from the nearest official meteorological station that is connected to the network. 
Disadvantages Few options in settings, thus it is an app that is best described as lacking in details. However, it can be used to compare 
data gathered from other apps to contrast accuracy. 
Price Free and pay-for versions: Thermo-Hygrometer price 0.89€ 
 
Likewise, we have used everyday ICT tools, but have applied them to the creation of reports on the state of 
conservation of assets of cultural heritage. These have been listed below together with a web reference link. Due to 
their popularity, we felt it unnecessary to include more information about these tool here, therefore the web 
reference provided is for any reader who may be unfamiliar with the apps mentioned or those who would simply 
like more information about the app than provided here.  
3.2. Multiplatform apps 
Used to store data, images, notes, and to create reports. All of the following apps allow users to share files with 
other users to assist collaborative work: 
 
1. Google Drive: http://www.google.com/drive/about.html 
2. iCloud: https://www.apple.com/es/icloud/ 
3. Dropbox: https://www.dropbox.com/ 
4. Evernote (Fig.4): https://evernote.com/intl/es/evernote/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Evernote Desktop application 
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3.3. Other devices / Hardware 
Used to gather data in-situ of the object of study, to create reports, to edit images and to process data: 
1. Microscope 
2. Microscope - adapted for iOS  
3. iPad 
4. iPhone 
5. Laptop (MacBook) 
6. Nexus 7 Tablet 2013 
3.4. Specific cases and Examples of use of apps in diagnostics and the creation of technical reports on the state of 
conservation of assets of cultural heritage  
Santísima Cathedral in San Cristóbal in La Laguna (with 11 altarpieces evaluated): 
Apps used to: 
• Take general and detailed images, using LED and UV light. 
• Compare general exterior data readings for relative temperature and humidity. 
• Optical microscope with x200 magnification (Fig.5). 
• Establish orientation and georeferencing of assets of cultural heritage in relation to the surrounding 
architecture. 
• Write report and store associated notes and images. 
• Create a digital map of modifications over real images of the asset. 
 
 
 
 
 
 
 
 
Fig. 5. Magnification of an Anobium punctatum (Common furniture beetle) with an optical microscope 
 
Image of Christ Crucified in La Matanza: 
Apps used to: 
• Take general and detailed images, using LED and UV light (Fig.6). 
• Compare general exterior data readings for relative temperature and humidity. 
• Optical microscope with x200 magnification. 
• Establish orientation and georeferencing of assets of cultural heritage in relation to the surrounding 
architecture. 
• Write report and store associated notes and images. 
 
 
 
 
 
 
 
 
Fig. 6. Detail of the microscope adapted for iOS with LED and UV light. 
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4. Results 
• All data were contrasted with professional technical instruments generally used for measurement purposes 
and the margin of error was shown to be between 1% and 2%. The opens the door onto unlimited 
possibilities in terms of how these types of apps and mobile devices could be put to use for professional 
purposes. 
• The use and management of these types of tools has helped the autonomous work of professional cultural 
heritage conservationists and restorers enormously, as they no longer require the assistance of a large team 
of people to produce the initial reports. They are also tools that prove very cost effective and easy to access. 
• At this moment in time we are producing a digital manual that details the use and management of the 
different apps, with direct links to the sites they are hosted on and the download page. 
• The aforementioned manual will serve as a User Guide for professionals and academic staff working in the 
field of cultural heritage conservation and restoration. 
• Collaborative work has been optimized, both online and face-to-face, via the use of PBL strategies and 
Personal Learning Environments. 
• With this information, multidisciplinary research and collaboration becomes a reality as an individual is 
made capable of facing any given challenge, problem, or project thanks to the methodology used during the 
learning process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RETABLO 1 
Retablo de la Virgen de 
los Remedios 
 
De reconocido interés artístico 
 
 
x Denominación: Retablo de la Virgen de los Remedios 
x Tipología: Retablo 
x Técnica de ejecución: Madera tallada, dorada y policromada 
x Datación cronológica: s. XVII 
x Autor: --- 
x Estilística: Barroco 
x Litúrgica: Nave de la epístola. 
 
REGISTRO Datos (agosto) 2012 Datos (noviembre) 2013 
Temperatura Ext: 22ºC / Int: 24ºC 19ºC 
Humedad relativa Ext: 49% / Int: 52% 62% 
Humedad de la madera -- 15% 
Microscopía óptica Dorados (Imagen 7), Lagunas (Imagen 8),  Polvo (Imagen 6), NO 
Fig. 7. Extract from the Technical Report on the state of conservation of the Santa Iglesia Cathedral 
altarpiece and its blueprints 
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5. Discussion and Conclusions 
We could conclude by stating that the inclusion of course content relating to the study of cultural heritage 
conservation and restoration does not require a course to offer a specific stand-alone module to these end, but 
instead this type of content could be offered via existing courses transversally and via alternative methodologies that 
give rise to collaboration and PBL projects as this would most definitely encourage the individual to build the skill 
sets required of a professional working in the field and empower them with effective and autonomous life-long 
learning skills.  
The experience obtained has shown us that it is essential that students engage in PBL or projects with clearly 
marked objectives that require self-reflection on the part of the students when content of this nature is being taught 
(software, apps, hardware), as such all those involved work better in the classroom, in teams and collaborative tasks, 
and learn better time-management skills than in other more traditional teaching methodologies. 
With this, it has been possible to integrate innovative techniques in the classroom and transform teaching 
guidelines with the use of these types of tools, thus optimizing collaborative work, both online and face-to-face, 
through the use of PBL strategies and Personalized Learning Environments. In doing so, future cultural heritage 
conservation and restoration professionals will enter the labour market better prepared to deal with the challenges 
they will face. They will be more open to change and more autonomous as a result of the training received. This 
training will serve to make them more familiar with existing and future technological innovations, and see them as 
something to be embraced and not feared; they will be seen as tools to be used as part of their everyday professional 
lives, and not as obstacles to overcome for fear of not keeping up with the rest of the game. 
Lastly, the collaborative work that forms part of the training discussed in this paper will undoubtedly contribute 
to the multidisciplinary work that is demanded in most higher educational degree programs and of professionals in 
the field of conservation and restoration, but of which, until now, we have know little about as students have rarely, 
if ever, been trained to develop such skills, nor have adequate teaching methodologies been used. 
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